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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . In Art Which Puts Sample into Culture Medium, Carries Out Aeration of Solution, Measures 
Amount of Carbon Dioxide Separated from Culture Medium, and Measures Biodegradability of 
Sample of Format of Judging Biodegradability Based on Amount of this Separated Carbon Dioxide 
The amount of the carbon dioxide which introduced the generated carbon dioxide into the alkali 
solution of un-precipitating nature, measured the conductivity of said solution, and was attracted in 
the solution based on this conductivity is computed. Art which measures the biodegradability of the 
sample by which it is characterized. 

2. Compute the amount of the carbon dioxide separated during processing as a function of time 
amount. Art which measures the biodegradability of the sample according to claim 1 by which it is 
characterized. 

3. Measure change of conductivity as a function of time amount, memorize this measurement result 
to a computer, and compute the biodegradability of a sample automatically using an EPD program. 
Art which measures the biodegradability of the sample according to claim 1 or 2 by which it is 
characterized. 

4. In order to remove the generated interfering substance, filter the carbon dioxide generated in 
culture medium through a proper filter. Art which measures the biodegradability of the sample given 
in any of claim 1 to claim 3 they are by which it is characterized. 

5. A carbon dioxide is filtered through activated carbon. Art which measures the biodegradability of 
the sample given in any of claim 1 to claim 4 they are by which it is characterized. 

6. In Art Which Puts Sample into Culture Medium, Carries Out Aeration of Solution, Measures 
Amount of Carbon Dioxide Separated from Culture Medium, and Measures Biodegradability of 
Sample of Format of Judging Biodegradability Based on Amount of this Separated Carbon Dioxide 
The generated carbon dioxide is introduced into the alkali solution of un-precipitating nature, 
change of the conductivity of said solution is measured automatically, this measurement result is 
stored in a computer, and an EPD program is used for the biodegradability of a sample. By 
computer It computes automatically. Art which measures the biodegradability of the sample by 
which it is characterized. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Art which measures the biodegradability of a sample This invention puts a sample into culture 
medium, carries out aeration of the solution, and relates to the art which measures the 
biodegradability of the sample of the format of measuring the amount of the carbon dioxide 
separated from culture medium, and judging biodegradability based on the amount of the separated 
carbon dioxide. 

The abandonment is becoming a serious problem while use of plastics increases increasingly. It is 
determined to what extent [ quickly and ] a biodegradable rate and extent of decomposition 
disassemble the matter in the same microorganism environment as a test method how. It is used for 
assessing extent and time amount of the biodegradability into which plastics is decomposed under 
an aerobic environment like an effluent liquor purification plant as a result of being obtained with the 
adopted test method. 

Generally, by the approach of measuring biodegradability, the amount of the carbon dioxide 
generated from a sample by biodegradation is calculated as a function of time amount, and, finally 
the amount of the organic carbon disassembled within culture medium based on it, and extent and 
rate of disassembly of a polymer can be judged. 

In a SUTSURUMU trial well-known as a standard art, a metaphor places a sample into the test jar 
into which culture medium was put, and introduces air in a jar through a pipeline system. Before 
introducing air in the test jar into which culture medium was put, for example, a sodium-hydroxide 
solution is made to absorb the carbon dioxide in air, and it is removed. By it, it generates in culture 
medium, and a measurable carbon dioxide is mainly drawn by the biodegradation of a sample by 
this art. In this system, two or more jars into which culture medium was put can be used in parallel. 
C02 generated from the jar in which culture medium is contained, respectively is introduced into an 
alkali solution. There are three kinds of standard alkali solutions. 

If a carbon dioxide contacts a barium hydroxide, a barium carbonate will be generated as shown in 
the following reaction formula (1). 
Ba (OH) Two+C02->BaC03+H20 (I) 

The amount of the carbonate generated with the bioreactor, as a result the amount of a carbon 
dioxide are computed by titration from a barium-hydroxide solution as a function of time amount. 
There are some troubles in a SUTSURUMU trial. That is, it is that the leakage style by using the 
aeration continuously made through some kinds of solutions and a long pipeline arises, and this 
makes the measurement result incorrectness. Furthermore, when the inside of a system will be in a 
pressurization condition as a result of continuous aeration, it is that reflux occurs at the time of 
termination of aeration, and culture medium flows in the flask of a pipeline system or others. By this, 
the whole trial may be stopped. In the titration accompanying a SUTSURUMU trial, much time 
amount is taken, therefore test time is prolonged. 

The purpose of this invention is related with the new art which measures the biodegradability of the 
sample which can be carried out quickly, without requiring an effort while it is trustworthier than 
before. 

Especially the purpose of this invention is offering the art which can measure quickly the amount of 
the carbon dioxide generated during a trial, without using the titration approach which time amount 
requires. 

The purpose of further others of this invention is offering the art which can measure automatically 
with repeatability quickly as much as possible as a result of measurement (i.e., the biodegradability 
of a sample). 

The description of this invention is indicated by the claim. 



The art of this invention is based on carrying out aeration of the culture medium continuously within 
a bioreactor. The carbon dioxide in the poured-in air is removed. The carbon dioxides generated in 
a microorganism activity are collected by introducing the gas from a bioreactor in the jar containing 
an un-precipitating nature alkali solution. As an alkali solution, the un-precipitating nature alkali 
solution of suitable concentration, such as NaOH and KOH, is used, for example. The generated 
carbon dioxide reacts with an alkali solution, and as shown in a reaction formula (II), it generates a 
carbonate and water. However, KOH is an alkali solution. 
C02+2KOH->K2C03+H20 (II) 

The conductivity of a solution falls as a result of a reaction. The decline in this conductivity is 
measured by the sensor arranged for example, in a KOH jar. And the carbon dioxide contained in 
the gas introduced in the KOH solution is judged from measured value as a function of time amount. 
As long as it is required, based on the following reaction formula (III), the HCL solution which 
contains phenol FUTAREN as an indicator may be used for the amount of the carbon dioxide 
introduced into the KOH solution, for example, it may judge it chemically with titration. 
K2C03+HCL->KHC03+KCL (III) 

The amount of the carbon dioxide which entered into the KOH solution is calculable with a chemical 
formula (IV). 

mC02=deltaVHCL*CHCL+(VKOH/VSAMPLE) *MC02 (IV) 

Here Volume of HCL consumed when being based on a deltaVHCL = initial state (ml) 
CHCL Mol concentration of HCL used with = titration (mmol/ml) 
VKOH Volume of = pottasium hydroxide solution (ml) 
Volume of the KOH sample used with VSAMPLE= titration (ml) 

MC02 The molecular weight of = carbon dioxide, and 44mg/mol As this invention shows, the 
amount of the carbon dioxide combined in the alkali solution is computed from the conductivity of a 
solution. As an alkali solution, hydroxylation alkali (NaOH, KOH, UOH) or the un-precipitating nature 
alkali solution of arbitration like an aluminum hydroxide can be used, for example. Measurement of 
conductivity can be carried out by the well-known approach in this field using what [ what is 
suitable as a sensor ], for example, a suitable platinum electrode. While using an electrode can 
measure quickness and correctly as a reason for being advantageous especially, a measurement 
result is obtained in the form of an electric signal. Furthermore, while being able to carry out 
processing of an electric signal with a well-known electronic technique, a signal is directly 
transmitted to a computer like [ after being changed into a desired form ] a my KURIRO computer, 
and the total yield of the generated carbon dioxide or an incidence rate is automatically computed 
as a function of time amount. 

According to the new approach by this invention, since it becomes unnecessary to titrate, a 
biodegradable judgment becomes still easier. 

According to the art of this invention, since a lot of samples can be inspected to coincidence, 
judgment cost is reducible. 

Next, this invention is explained to a detail with reference to an accompanying drawing. 

Fig. 1 shows the example of this invention and the equipment for enforcing the art by this invention 

is shown. 

The calibration curve of the conductivity sensor created by the equipment which shows Fig. 2 in Fig. 
1 is shown. 

The content of the carbon dioxide of the sample Fig. 3 was judged by other approaches and the 
approach by this invention, respectively to be is shown. 

The effect filtration by the activated carbon of C02 which Fig. 4 generated affects a biodegradable 
result is shown. 

As for Fig. 5, the amount (mg) of beta-hydroxy butyrate / carbon dioxide which was disclosed and 
was generated in the art of this invention in the biodegradation sex test of RATO is shown as a 
function of time amount. 

Fig. 6 is shown by the average from which the amount of beta-hydroxy butyrate / carbon dioxide 
which was disclosed and was generated in the art of this invention in the biodegradation sex test of 
RATO was obtained by the concurrency trial. 

As for Fig. 7, the amount of beta-hydroxy butyrate / carbon dioxide which was disclosed and was 
generated in the art of this invention in the biodegradation sex test of RATO is shown as a function 
of time amount. 

The biodegradability which judged Fig. 8 from the sample by the art of this invention is shown as a 
function of time amount. 



Fig. 1 shows the schematic diagram of the equipment for enforcing the art of this invention. 
An air pump 1 is for using for aeration, and it is arranged in order to attract air in the siphon 3 
through the container 2 with which silica gel is contained, and the carbon dioxide in the air in which 
aeration was carried out by this siphon is attracted, and it is removed. For example, a hydroxide, for 
example, the carbon-dioxide-removal matter of arbitration like a sodium-hydroxide granule, is 
sufficient as the siphon 3. Aeration gas after arranging four siphon at a serial and juxtaposition 
(every two pieces) is introductory **** to the measurement unit 5 which corresponds through the 
continuous jar 4 containing the barium hydroxide of 0.1 M. While C02 is certainly removed by it, this 
result is displayed and the air for aeration is humidified. Only two of eight measurement units 5 are 
shown by Fig. 1 . 

The measurement unit 5 is equipped with a bioreactor 6, and the sample examined in it is arranged. 
In the bioreactor, it is put into culture medium. The capacity of a bioreactor is 2000ml and the 
amount of culture medium is 1000ml. The gas which occurred within the bioreactor is introduced in 
the 0.1 measurement jar 6 currently put into the KOH solution of M. In this measurement jar, the 
measurement sensor which is the electrode 7 for judging the carbon dioxide combined in the KOH 
solution based on the conductivity of a KOH solution is arranged. Gas is introduced into another jar 
9 with which it fills up with the KOH solution from the measurement unit 6 in order to collect COs2 
certainly. It is put into the KOH solution with a concentration [ of 0.1 M ] of 300ml by jars 6 and 9, 
respectively, and this amount of solutions and concentration are sufficient value to combine a 
660mg carbon dioxide, respectively. 

It connects with the switch train 10 and the electrode arranged in the measurement jar 6 is 
connected to the data logger 1 1 for processing and measuring a voltage signal further. Furthermore, 
a final result is computed by an output signal being transmitted to a computer 12 from the switch 
train 10 and a data logger 11, respectively, and processing count being carried out. 
a check valve 13 arranges in a bioreactor 6 — having — **** — culture medium — for example, 
fluctuation of a pressure — or **** which flows backwards to the pipeline system 20 for other 
reasons is prevented. 

Example 1: proofreading of a sensor Proofreading of a sensor is performed by the approach (1971) 
indicated by Chapman. According to this approach, the solution of KOH and K2C03 is mixed by 
various ratios, and proofreading liquid is adjusted. As the saturation ratio to the potassium 
carbonate of the adjusted solution changed in 0 to 100% of range, the solution of KOH of the 
concentration of 0.1 M and K2C03 of the concentration of 0.05M was mixed, and the volume of the 
solution was 3001. 

The sensor has been arranged in a proofreading solution and the electrical-potential-difference 
value which shows the conductivity of a solution was measured. 

Measured value was automatically measured at intervals of 10 minutes between 24 hours, in order to 
make a sensor into the stable steady state. After a sensor is stabilized, the average is calculated to 
the last ten measurement results. It considered that this average is a calibration value of the sensor 
in each saturation ratio of a proofreading solution. The proofreading solution was exchanged for 
every sensor, stabilization of each sensor was achieved, and the electrical-potential-difference 
value was recorded. This procedure was repeatedly made until the calibration value about all 
proofreading solutions was obtained about all sensors. 

Fig. 2 shows the measurement result of the proofreading graph obtained by doing in this way. 
It is known that the conductivity of a solution will be influenced by the temperature of a solution. In 
order to solve the effect of temperature, they are two different proofreading solutions (a saturation 
ratio is 0% and 50%, respectively). 

The electrical-potential-difference value which shows ******** was measured as a function of 
temperature. According to the result, whenever temperature carried out 1-degreeC rise, as for the 
electrical-potential-difference value, it became clear slightly that only 0.00487V (0% of saturation 
ratio) and 0.00714V (50% of saturation ratio) fell. Under the conditions when experimenting, it 
became clear that, as for the temperature of a KOH solution, under 0.1-degreeC was changed. 
Therefore, the effect of the temperature exerted on an electrical-potential-difference value can be 
disregarded. 

Example 2- measurement of a carbon dioxide The performance test of the sensor for measuring 
recovery of a carbon dioxide and conductivity using the equipment shown in Fig. 1 was performed. 
A carbon dioxide is generated from a sodium carbonate. Na2C03 of a known amount was added by 
the flask of the bioreactor containing 11. ultrapure water. In order to separate a carbon dioxide from 
a carbonate, HCL of 2.0M was added by the flask. Separated C02 was introduced in the flask which 



contains KOH of 0.1M with the air for aeration. Based on change of conductivity, the amount of C02 
collected from the flask by titration was calculated. In the result of a trial, the amount of two carbon 
monoxide each to conductivity, titer, and a theoretical value is shown to Fig. 3 by the graph. 
The result shows that recovery of the generated carbon dioxide is effective, and approximates it 
extremely with the result obtained by different approach, and it is shown from that that the art based 
on change of conductivity is very good. 

Example 3: washing of C02 gas In the decomposition trial which used the carbon source the 
glucose and used the decomposition organic substance as Escherichia coli, when it mixed into an 
alkali solution, generating of another metabolite which raises the electrical-potential-difference 
value other than a carbon dioxide was accepted. The alkali solution was analyzed by the 
gravimetric-analysis meter and about 20 kinds of different organic components were detected. It 
had the polarity expected for the part to influence the conductivity of a solution. 
In order to remove these components, the various approaches of washing gas from a bioreactor 
were tried. Although washing of gas was tried using various washing fluids, it became clear that it is 
not suitable on effectiveness to remove the volatile organic component which affects the 
conductivity mixed into gas from a bioreactor. Therefore, washing of the gas by the filtration which 
lets activated carbon pass was examined. What shows the fundamental configuration of a testing 
device in Fig. 1 was used. The measurement jars 4, 6, and 8 are equipped with the filter style by 
activated carbon. 

The result of a trial is shown in Fig. 4. In the case of the measurement jar 4, from this drawing, all 
the carbon dioxides passed the filter style by activated carbon. Consequently, it became clear that 
each of titer and conductivity was the same values. It set even in the measurement jars 5-8, the 
filtration by activated carbon acted good, and conductivity resulted in it being less than the level of 
the result obtained by titration. 

In order to remove an volatile organic component, it became clear that filtering the gas from a 
bioreactor using activated carbon was a procedure which functions good. 

Example 4: biodegradable experiment with a polymer It is necessary to show decomposition of the 
Polly beta-hydroxy petit rate / PARERATO in the art of this invention (PHB/V) as an example of the 
biodegradability trial by the actual polymer. The biodegradability of PHB/V (100,200 and 300mg) was 
examined by this experiment. 

The trial which carried out Fig. 8 using the fundamental equipment of measurement of conductivity 
from Fig. 5 is shown gradually. The amount of the carbon dioxide generated within eight bioreactors 
as a function of time amount is shown in Fig. 5. An upper left drawing is the so-called zero sample 
(only microorganism intake is not; polymer sample). When the sample of a lower left drawing is 
100mg [ per liter ] PBH/V and the sample of an upper right drawing is 200mg [ per liter ] PBH/V, as 
for the lower right drawing, the case where a sample is 300mg [ per liter ] PBH/V is shown, 
respectively. 

The average of the result of having repeated each **** shown in Fig. 5 is shown in Fig. 6, 
respectively. These averages are used in order to compute biodegradability. 

Next, it subtracts from the value of the carbon dioxide which the carbon dioxide generated with the 
zero sample jar generated with the measurement jar containing the sample matter, and the result is 
shown in Fig. 7. When the sample of an upper left drawing is 100mg [ per liter ] PBH/V and the 
sample of a lower left drawing is 200mg [ per liter ] PBH/V, as for the upper right drawing, the case 
where a sample is 300mg [ per liter ] PBH/V is shown, respectively. 
If the carbon content in a sample is inputted into the program software of a computer, the 
biodegradability of a sample will be calculated as a function of time amount. Biodegradability 
expresses the ratio of the yield of the carbon dioxide on the theory calculated based on the organic 
carbon in a sample, and the carbon dioxide generated from an actual sample. Fig. 8 shows the 
biodegradability of the sample in this trial to the function of time amount. An upper left drawing 
When a sample is 100mg [ per liter ] PBH/V, a lower left drawing When a sample is 200mg [ per 
liter ] PBH/V, as for the upper right drawing, the case where a sample is 300mg [ per liter ] PBH/V 
is shown, respectively. The result related with the sample containing 100mg PHB/V from the result 
obtained by titration, for example is calculable. 

Apart from the flask arranged at two juxtaposition, at the time of test initiation, the pure KOH 
solution consumed, HCL of 0.003M also with less reliance than 5.2ml was consumed, and, on the 
other hand, little [ 5.0ml ] HCL of 0.003M was consumed about the 1ml sample picked out from the 
alkali measurement jar. The carbon dioxide contained in a KOH measurement jar from the above- 
mentioned formula by that cause is computed, namely, — 5.2ml*0.003m mol (ml* (300ml / 1ml)) 



* 44 mg/m mol = 205. 9mg 198mg and the average are 201 .95mg, respectively. 

If 49.4mg which is the average value of the carbon dioxide in a zero sample measurement jar is 

subtracted from the above-mentioned average value, the amount of the carbon dioxide generated 

from a sample is computable. 

That is, it is 1 52.55mg. 

If it. turns out that the carbon whose lOOmg PHB/V is 57.9mg is included, the amount of the carbon 
dioxide generated theoretically will become clear. That is, it is 212.3mg. Thus, biodegradability 
becomes clear as follows. 

biodegradability =(152.55mg / 212.3mg) *100%=71.8% others — biodegradability was similarly 
calculated about the sample. The biodegradability of all the samples calculated from the result of 
titration and the result obtained with the measuring device of conductivity is shown below. 
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This example is what was shown in order to explain this invention, and does not limit this invention. 
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